The cocaine-binding aptamer has become a widely employed model system for the 28 development of aptamer-based biosensors. The different sensors, utilizing this aptamer, 29 report ligand binding using a variety of methods including color change, electric and 30 fluorescent outputs amongst numerous other examples.
1-15 The secondary structure of the 31 cocaine-binding aptamer is comprised of a three-way junction with a tandem AG mismatch 32 and a dinucleotide bulge located near the junction (Figure 1) . 16 When stem 1 of the aptamer 33 is six base pairs long (MN4, Figure 1 ) the aptamer is folded both in the free state and the 34 bound state. However, if stem 1 is three base pairs long (MN19, Figure 1 ) the aptamer is 35 loosely structured in the free state and tightens up or becomes structured upon ligand 36 binding. [16] [17] [18] It is this ligand-dependant structural change that is exploited in most of the 37 biosensor applications of this aptamer. . 33 The fitting model (Eq. 3) was defined and developed applying OriginPro 2016 C 117
scripts. 118
In the quinine-aptamer binding assays, quinine was excited at 234 nm. Then, emission 120 scans were performed from 270 nm to 450 nm to exclude the interference of Raman and 121
Rayleigh scattering peaks, and to detect the maximum fluorescence intensity of quinine at 122 ~383 nm. For the cocaine-aptamer binding assays, cocaine was excited at 232 nm. The 123 emission scans were carried out from 270 nm to 450 nm, and the maximum fluorescence 124 intensity of cocaine was detected at ~315 nm. To confirm the quenching results were 125 specific for a functional cocaine-binding aptamer, both ligands were titrated against the 126 non-binding SS1 aptamer at 15 °C and under the same conditions performed for MN4 and 127
MN19. 128 129
In the dynamic quenching analyses, the Stern-Volmer isotherms of the acquired maximum 130 fluorescence intensities were plotted as a function of free to bound ligand (F0/F) versus the 131 total aptamer concentration. The Stern-Volmer plots were fitted to the mixed static-132 dynamic quenching models: 133
where the association constant (Ka) and the Stern-Volmer constant (KSV) become mutually 136 dependent constants, and (ܸ) stands for the volume per mole of the ligand-aptamer 137 complex within the static interaction proximity. aptamer-ligand combinations decreased as the temperature was raised from 15 °C to 23 °C 176 (Table 1) . 177
178
In order to confirm that the fluorescence quenching we observe is a result from specific 179 binding, we analysed the change in fluorescence of quinine and cocaine upon addition of 180 the SS1 cocaine-binding aptamer. This aptamer has the same sequence as MN4 except that 181 both AG bases (A21/G29, A7/G30) are switched to be GA base pairs (G21/A29, G7/A30)D r a f t (Figure 4a ). These two changes result in an aptamer that does not bind to quinine as 183 assessed by ITC methods (Figure 4b ). When SS1 was titrated into cocaine or quinine, the 184 observed fluorescence reduced in intensity; however, when corrected for the inner filter 185 effect no reduction in binding was observed (Figure 4c, d) . As a comparison, the observed 186 and corrected data for MN4-quinine is also shown in Figure 4e . As a further control we 187 tested the MS3 and ATP3 DNA sequences as additional negative controls for binding and 188 also observed no change in the observed fluorescence upon addition of MN4 (Supporting 189 quenched upon addition of MN4 with a resulting Kd value of (91 ± 52) µM at 15 °C. This 213 binding affinity agrees reasonably well with the expected affinity of 220 µM that is 214 calculated using the thermodynamic parameters previously reported. 22 We will also note 215 that the lower Kd value measured here at a lower temperature is consistent with our 216 binding measurements that show that the affinity of the cocaine-binding aptamer increases 217 as the temperature is decreased (Table 1) . 218
219

Analysis of fluorescence quenching mechanisms. 220
We analyzed the mechanism of the fluorescence quenching of quinine and cocaine with 221 with KSV constants of (0.24 ± 0.02) µM -1 and (0.11 ± 0.00) µM -1 , respectively (Figure 6b) . 232
The titrations of MN19-quinine at 15 °C and 23 °C also showed non-linear Stern-Volmer 233 plots with KSV constants of (2.71 ± 0.06) µM -1 and (0.81 ± 0.01) µM -1 , respectively (Figure  234 6c). For both of these aptamer-ligand pairs, the curve shows that quenching occurs through 235 a mixed static-dynamic process. and an increase in Ksv value with temperature indicates that the quenching mechanism 241 changes from a mostly static to a mostly dynamic mechanism. 242
243
The fluorescence lifetime (τ) of free cocaine was measured using time-resolved 244 fluorescence spectroscopy. For free cocaine, τ was measured to be (2.56 ± 0.73) µs and 245 (2.23 ± 0.83) µs at 15 °C and 23 °C, respectively (Supporting Figure 4) . Using the τ value 246 the bimolecular quenching rate constants (kq) for cocaine was determined using eq. 7 and 247 reported in Table 1 . For quinine, the τ value is too short to measure using our 248 instrumentation. Instead, we used the τ values of quinine available in the literature 25 to 249 quantify the kq values of quinine interacting with MN19 and MN4 (Table 1) . 250 D r a f t binding to measure the affinity of these ligands to both the MN4 and MN19 cocaine-binding 254 aptamer constructs (Table 1) . 
